In recent years, there have been many exchanges of perspectives and debates in the field of conceptual change. Most of the classical views on conceptual change have been criticized, and there have been recent discussions around bridging the cognitive and socio-cultural approaches in the research on conceptual change. On the other hand, researchers and educators in the knowledge building communities have been working towards advancing the frontier of knowledge work and knowledge creation in education in order to cope with the challenges of an emerging knowledge society. In this paper, we examine some of the main principles of knowledge building in relation to fostering conceptual change with reference to specific examples. Specifically, we highlight the foundational goal of knowledge building with respect to conceptual change.
Introduction
For the past two decades, researchers and educators in the knowledge building communities have been working towards advancing the frontier of knowledge work and knowledge creation in education in order to cope with the challenges of an emerging knowledge society. As a learner-centred approach, knowledge building focuses on student-initiated problems of understanding the world and continual collaborative effort among students to improve their ideas; students assume collective cognitive responsibility in an environment of idea diversity and complexity to achieve new levels of knowledge and understanding (Scardamalia & Bereiter, 2014 , Scardamalia, 2002 . Concurrently, in recent years, there have been many exchanges of perspectives and debates in the field of conceptual change (refer to Vosniadou, 2013; Vosniadou, 2011) . Most of the classical views on conceptual change have been criticized, and there have been recent discussions around bridging the cognitive and socio-cultural approaches in the research on conceptual change. In this paper, we examine some of the main principles of knowledge building in relation to fostering conceptual change with reference to specific examples. Specifically, we highlight the foundational goal of knowledge building with respect to conceptual change.
Knowledge Building for Conceptual Change
A knowledge building community can be illustrated by a committed scientist community where the members jointly identify authentic problems and assume collective responsibilities to advance their understanding and theories (Hewitt, 2001; Scardamalia, 2002) . Unlike other communities of practice (Lave & Wenger, 1999) , the primary goal of a knowledge building community is to advance knowledge rather than to merely solve problems. This is similar to a "knowledge creating company" that focuses on idea improvement as the core activity of the whole organization (Bereiter & Scardamalia, 2006) . Scardamalia and Bereiter (2003) define knowledge building as "the production and continual improvement of ideas of value to a community, through means that increase the likelihood that what the community accomplishes will be greater than the sum of individual contributions and part of broader cultural efforts."Typically, in a classroom, the broad theme of inquiry relevant to a topic (e.g., environmental conservation) is first initiated by students, sometimes under the guidance of the teacher. The students then post their initial ideas and questions as notes in Knowledge Forum, an online asynchronous discussion forum created to augment knowledge building. The asynchronous online forum serves two key purposes: first, as a database to store students' ideas, and second, to make the students' ideas public. These reified ideas in public can then be discussed, explored, debated, and improved upon. Although most asynchronous online discussion forums can serve these purposes, a distinct feature of Knowledge Forum is their support of key features of knowledge building such as "rise-above" (Scardamalia & Bereiter, 2006) , that is, an intentional attempt to engage learners in a systematic way of relating ideas to one another in order to develop a higher-level understanding. The involvement of students throughout the inquiry helps to promote ownership and responsibility among the students and enhance the authenticity of the inquiry task (Scardamalia, Bereiter, Mclean, Swallow, Woodruff, 1989) . One of the explicit principles of knowledge building is idea improvement, which encourages the students to improve each other's ideas through various means such as reflecting, identifying relevant information, and conducting empirical experiments. Scaffolds are provided to engage the students in knowledge building discourse, which focuses on detecting gaps in understanding, sharing new knowledge, meaning-making, and co-constructing understanding. This is a social collaborative process which is typically conducted in both face-to-face and online sessions. It leads naturally to the growth and improvement of a database of ideas which reflects the progress of the community as a whole . As the initial questions are being addressed, the students are encouraged to ask further and deeper questions, thereby creating an ever-deepening pursuit of knowing. The students are also guided to organize and re-organize the ideas in the online forum. Knowledge building is thus an iterative process of progressive understanding, which Wells (1999) characterized as the "spiral of knowing" (p. 85).
Empirically, several studies have demonstrated the viability of knowledge building for conceptual change. Oshima and Scardamalia (1996) reported that students who engaged in knowledge building activities succeeded in attaining conceptual change. Chan, Burtis, Bereiter (1997) found knowledge building a mediator of cognitive conflict for conceptual change. Zhang, Scardamalia, Lamon, Messina, and Reeve (2007) studied a group of 4th graders who were actively involved in knowledge building activities such as generating theories and refining ideas to advance their understanding of optics. The students' understanding progressed from a naïve to a more scientific framework. Specifically, using post-hoc comparisons, they found a higher occurrence of scientific and hybrid ideas than pre-scientific ideas among the students. Similarly, when the Web Knowledge Forum (WebKF) was used to scaffold 6th graders in the process of constructing a model of the internal heating system of an average Greek house, the researchers found that the students showed significant improvement in their understanding of how a hot water heating system works (see Vosniadou & Kollias, 2003) . Empirical evidence of knowledge building for conceptual change is beginning to emerge. In addition, Lee (2010) also discusses the possibility of generating synergy between conceptual change and knowledge building.
In this paper, we argue that knowledge building may foster conceptual change for it can play the role of a mechanism for the development of learners' epistemic agency by situating them in the design mode of knowledge work .
Knowledge Building for Progressive Improvement
In conceptual change research, the notion of conceptual change is perceived and defined differently among the researchers (refer to Murphy & Alexander, 2008) , from weak restructuring to the more radical change across ontological categories (Carey, 1985; Chi, 1992; Vosniadou, 2008) . Regardless, what is common is perhaps the implicit assumption of the ultimate standard for change -change from a naï ve conception to the scientific conception held by scientific communities. Bereiter (1994) tackles this issue of standards using a different approach: rather than pursuing truth, focus on seeking progress. He disagrees with the "popular" postmodernist view that there is no objective truth; instead, he concurs with the postmodernist scholars that "there is no objective standpoint from which to judge whether something is an absolute truth" (p.4). Rather than getting into the debate on the postmodernist view about truth, his view suggests the standard of progressiveness. Concurring with the view of Popper and Lakatos that scientific theories cannot be verified, but can at most be falsified, he suggests progressive discourse as a means to bring in iterative critical evaluations of ideas, which could lead to the improvement or replacement of theories. In short, he proposes that through the dialectical process of presenting thesis and antithesis, new syntheses could arise. Bereiter (1994) further elaborated on the moral commitment of progressive discourse for knowledge advancement: mutual understanding commitment (working towards common understanding), empirical testability commitment (a commitment to framing questions and propositions in a way which allows evidence to be brought to bear on them), expansion commitment (commitment to expand the body of collectively valid propositions), and openness commitment (commitment to allow any belief to be subjected to criticism if it will advance the discourse). This explicit goal of seeking progressive improvement is foundational to a number of key principles in knowledge building: idea improvement, constructive use of authoritative sources, volitional commitment to collective cognitive responsibility, rise above, epistemic agency, and knowledge building discourse (Scardamalia, 2002) . More details of these principles will be given in our later discussion.
Situating Learners in Design Mode for Conceptual Change
We suggest that knowledge building can help learners develop the deep understanding that knowledge is tentative and evolving and that it consists of inter-related ideas. To accomplish this is to situate learners in a mode of design where the concern is with the creation and improvement of ideas as compared to belief mode where the concern is with evaluating and deciding among claims (Bereiter & Scardamalia, 2006) . The notion of engaging learners in design instead of belief mode demands a fundamental switch of ontological and epistemic stance towards how knowledge are being treated and is thus likely to lead to conceptual change. Further elaborations are provided below.
Idea Improvement
When situating learners in a design mode of knowledge work, the focus is on sustained idea development, it is the mode of invention and it is an explicit activity. Much attention is given to the construction, refinement and improvement of "conceptual artifacts", as Bereiter (2002) puts it, and to advancing understanding of the real world. According to Scardamalia (2002) , ideas are "systematically interconnected -one idea subsumes, contradicts, constrains, or otherwise relates to a number of others" (p.72). This explication of idea is in alignment with the "complex theory-like structure" of concepts (Thagard, 1990; Vosniadou, 2007a, p.60 ) and the theory-based views of concepts that propose the organization of concepts as driven by personal theories of the world (Medin, 1989; Murphy & Medin, 1999) , based on casual and explanatory links as well as the attributes of individual concepts. In knowledge building, the learners engage in inquiry about a topic and create epistemic artifacts (Sterelny, 2005) like written notes to represent their conceptual understanding (Bereiter, 2002) . The notion of epistemic artifacts is similar to Popper's (1972) construct of World 3 objects. Popper differentiated among World 1 objects (objects in the physical world), World 2 objects (objects in the subjective world within the individual's mind), and World 3 objects (cognitive artifacts, for example, theories created by scientists). To Popper, World 3 objects such as theories, once created, can generate a range of possibilities as others interact with them. They are treated as the currently best tentative explanations that should be subjected to error elimination in the search for truth.
Engaging learners in knowledge building is therefore getting them to articulate their ideas and also the relationships among the ideas, thus explicating both the concepts and the theory-like framework in which the concepts are situated. Sustained work in such environments is likely to foster an epistemic outlook that foregrounds ideas and theories as conceptual artifacts that can and should be examined and refined. For example, in a study by Hong, Chen, Chai, and Chan (2011) , teacher-education students were guided to engage in knowledge building discourse about a topic concerning the "relationship between theory and practice in teaching." After a semester of knowledge building, it was found that the students were able to view the teaching theories they were working on as tentative and improvable, as one student commented in a Knowledge Forum note: "I am glad to see that we are gradually linking our ideas together. I believe we all think that 'a theory needs to be shaped again and again.' This is a process and also a procedure of strengthening a theoretical statement… I think theory itself is a conceptual sketch. No matter how it is challenged or shaped by the practice, the sketch will be modified and refined in a better way." (p. 476). Chai and Merry (2006) also reported that the knowledge building approach as a model of professional development changes the inservice teachers' views about teaching and learning.
In knowledge building, the learners' ideas are posted as online notes in a public space such as a Knowledge Forum database. They thus become shared objects of inquiry to be discussed, inter-connected, revised, and superseded by members of the community (Scardamalia, 2002; Stahl, 2006) . In other words, all knowledge created is reified as "objects" that are open to further inquiry and improvement. In knowledge building, naïve ideas or alternative conceptions are not viewed as misconceptions. Rather, all ideas are considered as valuable and meaningful contributions, and initial ideas which may lack scientific explanations are regarded as a crucial starting point in the process of constructive idea improvement. Conceptual change researchers such as Vosniadou (2007a Vosniadou ( , 2007b ) offer a similar view on concepts when she argues that what need to be changed are not the isolated misconceptions but the "naïve, intuitive, domain-specific theories in early childhood, on the basis of everyday experiences" (Vosniadou, 2007b, p. 4) and that children's intuitive ideas about science (or other subject matter) are anchoring conceptions that are the starting points for development (Clement, Brown, & Zietsman, 1989; Karmiloff-Smith, 1992) .
Constructive Use of Authoritative Sources
Another principle of knowledge building is the constructive use of authoritative sources (Scardamalia, 2002) . Authoritative sources of knowledge refer to published knowledge constructed by experts available from media such as academic publications and textbooks; and in the case of school learning, the classroom teachers. What these sources articulate is often treated as the truth to be transmitted to learners, and hence is associated with traditional, didactic forms of teaching (Scardamalia & Bereiter, 1999 ) that focus on the fidelity of the transmitted knowledge. As such, some researchers and educators are skeptical about the role of authoritative sources of knowledge in inquiry-based learning environments (e.g., Palinscar, 2006) . Tsai (1999) and Tan (2008) reported that students have greater confidence in information presented in textbooks rather than in their own observations in laboratory works, which creates tensions when there is misalignment between practical observation and textbook representations. Their laboratory work is trying to confirm the facts presented in the textbooks (Tsai, 1999) . Even when given a potato without buds, students tend to reproduce ideal representative diagrams seen in textbooks (a potato with buds) rather than what they observe in reality (Tan, 2008) .
Knowledge building advocates meaningful use of authoritative sources of information to inform and produce iterative cycles of idea improvement (Zhang, Scardamalia, Lamon, Messina, & Reeve, 2007) . Rather than accepting the authoritative sources of information without question, learners must engage in meaning making of the information so that it can be used for enhancing their understanding of the topic under investigation. Similarly, Lee, Jonassen and Teo (2009) argued that for conceptual change to take place there must be significant efforts to restructure personal conceptual models. Such events take place when students challenge their own understanding and discover the inconsistencies in their conceptual structures while engaging in learning activities. They are then more likely to revise and refine their conceptual framework to resolve the cognitive conflict.
Collective Cognitive Responsibilities
In recent years, researchers from the conceptual change field have called for more consideration of both cognitive and sociocultural perspectives in the research of conceptual change, as they generally agree that both approaches are crucial in the process of conceptual change (Lee, 2010) . In congruence with the emphasis on the sociocultural dimension of change, one of the explicit principles of knowledge building is collective cognitive responsibilities (Scardamalia, 2002) . The principle legitimizes learners to offer diverse perspective to bear on the inquiry among a group of learners where idea improvement is achieved through the social interaction process. In knowledge building, much attention is given to organizing the social structures that could facilitate knowledge advancement (Hong, Scardamalia, & Zhang, 2010; Scardamalia, Bereiter, & Lamon, 1994) . Knowledge building also draws from the notion of distributed cognition in a collaborative situation (Hong et al., 2015) . It encourages learners to take on shared responsibilities of advancing the knowledge database, thus reducing the cognitive overload of individual learners while at the same time allowing the learners to develop differential expertise (Roth, 1999) . The advantage is that learners with different backgrounds and abilities enter the learning environment with different ideas and perspectives. These diverse ideas and perspectives form the collective resources that learners can draw on. Such a learning environment creates multiple zones of proximal development where all learners can support each other mutually towards the achievement of the learning goals (Oshima, 1998) . It also creates a natural social environment for the members to articulate and explain their ideas, which requires the members to be precise, concrete and coherent. In other words, the diversity of ideas naturally requires the learners to assess the viability of the ideas with multiple epistemic criteria (see earlier, Bereiter, 1994) , leading to improvement in the ideas. Idea improvement, which could be for individual concepts or how the concepts are connected, is achieved through community effort. Ideas that are obvious misconceptions belong to the community and are treated collectively rather than as individual's misconceptions for the individual to resolve. The efficacy of the knowledge building approach that draws upon the community's distributed expertise and self-organizing capacity is illustrated by a recent study that spanned more than 15 years. Hong, Scardamalia, and Zhang (2010) explored different social interaction patterns in a community of knowledge building practitioners (with more than 350 participants). It was found that a knowledge group featured with more diverse expertise and more flexible and self-organizing social structures was more likely to create a dynamic network community for sustained and productive knowledge advancement.
Rise Above
In a nutshell, the knowledge building approach enriches learning by creating opportunities for members to understand from others' points of view and expose them to diverse ways of conceptualizing and investigating a given phenomenon (Guzdial et al., 1996) . Related to this sociocultural perspective of conceptual change is another key knowledge building principle, rise above (Scardamalia, 2002) , which requires the learners to work toward "more inclusive principles and higher-level formulations of problems. It means learning to work with diversity, complexity and messiness, and out of that achieve new syntheses." (p. 76). As a deliberate practice, rise above engages the learners in re-examining their ideas to achieve a new synthesis, which could mean seeking connections among ideas, or forming higher level theories from isolated facts. Such a learning environment where multiple ideas are shared and subjected to the scrutiny of every learner and the teacher provides fertile ground for seeing and organizing the relationships between various ideas such that the naturally formed theory-like framework is also worked on. The knowledge building environment thus fosters deep understanding and a process of conceptual change.
Epistemic Agency in Knowledge Building for Conceptual Change
Epistemic agency refers to the development of more sophisticated epistemic beliefs required for learners to address all aspects of knowledge issues such as knowledge goals, self-assessment, motivation, systematic planning etc., as well as knowledge problems typically only addressed by teachers. In recent years, researchers involved in conceptual change research have mostly agreed that learners' epistemic beliefs play an important role in the course of conceptual change. For conceptual clarity, we use the term epistemic beliefs to refer to the nature of knowledge and ways of knowing, which is a notion commonly used in educational psychology (Hofer & Pintrich, 1997) . Vosniadou (2007b) emphasizes the direct or indirect influences of epistemic beliefs on conceptual change, and numerous studies (e.g., Mason, 2000; Sinatra, Southerland, McConaghy, & Demastes, 2003) have also examined the relationships between epistemic beliefs and conceptual change. According to Murphy (2007) , the relationship between belief and knowledge is complex and intertwined to the extent that they appear inseparable. In a knowledge building community, the participants work as epistemic agents in a design mode (Bereiter & Scardamalia, 2006) , i.e. they are engaged in interrogating ideas in terms of (1)What are they good for? (2) What do they do or fail to do? and (3) How can they be improved? The focus of the knowledge building effort is on the usefulness, adequacy, coherence, improvability, and development of ideas. The ways of knowing as practice in a knowledge building community naturally situate students in an epistemic environment where "all understandings are inventions" (Scardamalia & Bereiter, 2006, p. 103 ). This will arguably translate into learners' active construction of their own knowledge, and alter students' epistemic agency, creating the potential for conceptual change (Lee, 2010) . From the perspective of epistemic beliefs as the activation of epistemic resources for the task at hand (Louca, Elby, Hammer, & Kagey, 2004) , the knowledge building approach aims at launching students into the mode of knowledge creation (working on conceptual artifacts as World 3 objects) rather than learning (working on internal mental models and intuitive concepts). For example, in Hong, Chai, and Tsai's (2015) study that engaged college students to work as a knowledge building community and construct collective knowledge of history of science, it was found that students were able to progressively attain a more constructivist-oriented epistemic belief that sees scientific theories as tentative and improvable objects. Such a subtle difference in the epistemic framing of knowledge building and conceptual change needs careful attention to further unpack it.
In the recent development of the conceptual change research, the processes and mechanisms of change have been widely discussed, and there have been calls for more efficient mechanisms such as the use of analogies and explanatory models (Clement, 2008) , mental models (Nersessian, 2008) , persuasive pedagogy (Buehl, Manning, Cox, & Fives, 2005; Edwards, Higley, Zeruth, & Murphy, 2005) , collaborative reasoning (Anderson et al., 2001; Clark, 2003; Mason, 2001) , cognitive conflict (Tsai, 2000) and collaboration and reflection as social mechanisms (Miyake, 2008) to promote conceptual change. Entwistle (2007) suggests a deep approach to conceptual change which involves students paying careful attention to how well the evidence supports the conclusions. Such approaches are geared towards achieving intentional conceptual change which is a goal-oriented and learner controlled process (Sinatra & Pintrich, 2003) . In particular, Vosniadou (2007a Vosniadou ( , 2007b cautioned that without intentional instruction-induced conceptual change, students might use additive mechanisms which could produce synthetic models of scientific understanding. Similarly, in knowledge building, there is an intentional change process for justifying knowledge claims: by engaging the learners in knowledge building discourse, rise above, and constructive use of authoritative sources of knowledge. What is more explicit in knowledge building is the effort devoted to developing learners' epistemic agency. An examination of the process and characteristics of knowledge building discourse is provided next.
Knowledge Building Discourse
One of the key principles of knowledge building is to engage students in knowledge building discourse (Bereiter, 1994 (Bereiter, , 2002 , which develops in students the capacity to critique and improve ideas based on the negotiated criteria of a knowledge discipline. The learners start with their initial ideas and take responsibility for collaborative idea improvement supported by the customisable metacognitive prompts/scaffolds in the Knowledge Forum: "My theory is …", "I need to understand …", "This theory cannot explain …" or "A better theory is…". Through knowledge building discourse, they learn to use evidence and logic to build their knowledge. These scaffolds encourage the students to think about their own ideas. Once their ideas are articulated and posted to the forum, they face the challenges of their peers' ideas and the ideas that the scientific community accepts. With the guidance of the teacher, their ideas are subjected to evaluation according to the criteria of the classroom community, which progressively emulates the science community. At an appropriate juncture, the teacher could organize knowledge building talks (e.g., see Zhang, Hong, Scardamalia, Teo, & Morley, 2011) where students share their problems of understanding and knowledge advancement (e.g., findings from their investigation) with their peers in the class (Messina, Reeve, & Scardamalia, 2003) . These are explicit attempts to provide opportunities for the students to examine their ideas through self-evaluation and peer critiquing.
Knowledge building discourse has been described as "transformative discourse" (Hmelo-Silver & Barrows, 2008, p. 51) as it serves more than the function of information sharing or the presentation of ideas; it entails the capacity to use appropriate criteria to assess ideas. For instance, as a way to examine students' online knowledge building discourse, Hong and Scardamalia (2014) used key terms to represent key concepts recorded in a knowledge database and to assess knowledge advancement in a grades 4 and 5 class community. They found that discourse in the Knowledge Forum which was rated as more reflective showed higher numbers and higher frequency use of key terms/concepts that were shared, discussed, referenced, or critiqued by community members than less reflective discourse. Using this kind of discourse, learners construct, refine, and transform knowledge (Hmelo-Silver & Barrows, 2008) . In short, knowledge building discourse encourages the students to engage in cognitive and metacognitive thinking; the individual's cognition is subjected to multiple perspectives and augmented by distributed intelligence in the classroom community. This could facilitate the restructuring of their naï ve conceptual framework (Vosniadou & Kollias, 2003) , especially when students are creating rise above notes that synthesize the thesis and antithesis. Explanations generated as synthetic models will be under the scrutiny of peers and teachers and cannot be presented simply as facts to be remembered.
Imposing structural constraints and rise above are two strategies to acculturate students to engage in knowledge building discourse so as to justify their knowledge claims. One way the structural constraints are imposed is through the use of scaffolds that are reinforced with purposeful incorporation of technology such as a Knowledge Forum. As discussed earlier, the online forum affords a public space for sharing epistemic artifacts and for tracing the historical development of these artifacts. The online forum also helps to reinforce structural constraints like the customizable scaffolds to engage the students in metacognition. These cues are available to the students as they compose their notes. For example, some of the commonly used scaffolds include: "I need to understand…", and "This theory cannot explain…" Lee, Chan and van Aalst (2006) examined and described the role of knowledge building portfolios in students' collaborative inquiry. In their study, grade nine geography students identified clusters of computer notes that indicated knowledge building episodes in the computer discourse. The researchers suggested that when analyzing the online discourse, students can make the community's progress explicit and visible to themselves and others, thus leading to the reconstruction of individual students' own understanding. In addition, contributing to the knowledge building research, the researchers found that students who were working on portfolios with a set of guiding principles adapted and modified from the knowledge building principles illustrated by Scardamalia (2002) showed deeper inquiry and more conceptual understanding than their counterparts. The researchers suggested that providing knowledge building principles as scaffolds may help students understand progressive discourse.
The scaffoldings used in knowledge building are consistently used in the face-to-face and online environment. The online forum acts as cognitive tools (Perkins, 1993; Salomon, 1993) that assume the role of intellectual partners, relieving the learners of cognitively less critical tasks (like recording the discussion) and engaging them in thinking more critically. Cognitive tools are not "fingertip tools" (Perkins, 1993) that learners can use effortlessly; rather, they provide essential components of a learning environment that engage learners in thinking more critically than they would without that support. They encourage learners to exert greater cognitive effort in constructing their own knowledge (Salomon & Globerson, 1987) . Another intentional effort is the strategy of rise above. As explained earlier, rise above is a deliberate attempt to get learners to revisit their ideas which are often isolated or naï ve. Learners are guided to re-examine their ideas for new syntheses, for connections among ideas, or for forming more inclusive principles, often with the use of scaffolds like "A better theory is …", or "Putting our knowledge together…" In a Knowledge Forum, a rise above function is specifically developed to allow the learners to compose their rise above notes by subsuming several existing notes.
Conclusion
Conceptual change is an important goal of learning. Specifically in higher education, the achievement of this goal is highly dependent on effective college teaching, and the discussion of this paper about knowledge building pedagogy and principles should have implications for better engage students in fulfilling conceptual change as a learning goal. The empirical studies among preservice and inservice teachers reported above indicate that the knowledge building approach is likely to promote conceptual change. These findings however, need to be further studied in other higher education contexts. Nonetheless, the knowledge building approach is arguably fostering ontological and epistemic stance that is much needed for higher education reform given the 21 st century demands on innovation (Bereiter & Scardamalia, 2006) . As the theoretical framework of conceptual change develops and reshapes over time, there is certainly the need to constantly look beyond our traditional pedagogical approaches and seek new ways to achieve conceptual change. In this paper, we discussed ideas from knowledge building that resonate well with the recent developments in conceptual change. Although we are still far from unravelling the full potential of knowledge building for conceptual change our effort could potentially inspire further cross pollination of productive ideas. This could also be a fertile ground for collaborative effort by researchers from the two fields.
